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 H{flvh wd{/ xqlw wd{/ vshfl￿f wd{/ dg ydoruhp wd{/ wd{ h!flhqf|/ surgxfw
gl￿huhqwldwlrq/ lpshuihfw frpshwlwlrq1
   G76/ K54/ K55/ O46
Zh wkdqn Pd{lp Hqjhuv/ Eloo Mrkqvrq/ Hg Rovhq/ Mrkq Shsshu/ Mlp Srwhued/
dqg vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Ylujlqld Sxeolf Hfrqrplfv Zrunvkrs
iru khosixo frpphqwv1 Dq dqrq|prxv uhihuhh surylghg hvshfldoo| xvhixo vxjjhvwlrqv1
Wkh ￿uvw dxwkru judwhixoo| dfnqrzohgjhv ￿qdqfldo vxssruw iurp wkh Xqlyhuvlw| ri Ylu0
jlqld Edqndug Ixqg dqg wkh Qdwlrqdo Vflhqfh Irxqgdwlrq +judqw & VEU0<94::;7,> wkh
vhfrqg dxwkru wkdqnv SUHGLW +Plqlvwºuh ghv Wudqvsruwv/ Iudqfh, iru ￿qdqfldo vxssruw1
! 

Wd{ dxwkrulwlhv kdyh udlvhg uhyhqxh wkurxjk lqgluhfw vhohfwlyh vdohv wd{hv +h{flvh wd{hv,
vlqfh wkh ￿uvw nqrzq flylol}dwlrq ehjdq lq Vxphu/ Ede|orqld vrph 9333 |hduv djr1
￿Hyhu|wklqj￿ lq Vxphu*v flw|0vwdwh ri Odjdvk zdv wd{hg/4 iurp vkhhs0vkhdulqj +￿yh
vkhnhov wr wkh lvkdnnx, wr glyrufh +￿yh vkhnhov wr wkh lvkdnnx dqg dqrwkhu wr wkh yl}lhu,
wr shuixph suhsdudwlrq +￿yh vkhnhov wr wkh lvkdnnx/ d vkhnho wr wkh yl}lhu/ dqg dqrwkhu
wr wkh sdodfh vwhzdug,1 Zhdowk dqg surshuw| zhuh ￿wd{hg wr wkh olplw1￿ Hyhq wkh ghdg
frxog qrw eh exulhg xqwlo dq h{flvh zdv sdlg1 Klvwruldqv hpskdvl}h wkh fdsdflrxvqhvv ri
Odjdvk*v wd{ srolf|/ zklfk lv vdlg wr kdyh xowlpdwho| ohdg wr lwv lqydvlrq dqg ghvwuxfwlrq1
Pruh lpsruwdqwo|/ wkh irup ri wkh h{flvhv pd| kdyh ehhq lqh!flhqw dv zhoo1
Prvw prghuq jryhuqphqwv dovr ghulyh vxevwdqwldo uhyhqxh iurp h{flvh wd{hv1 Vrph
jryhuqphqwv lpsrvh yhu| odujh h{flvhv1 Wkh Lvudhol jryhuqphqw/ iru h{dpsoh/ lpsrvhv
d <8 shufhqw dg ydoruhp ox{xu| h{flvh rq doo sulydwh dxwrprelohv lq dgglwlrq wr d 4:
shufhqw ydoxh dgghg wd{ dqg : shufhqw fxvwrpv wd{ rq fhuwdlq lpsruwv +Ihuvkwpdq/
Jdqgdo/ dqg Pdunrylfk/ 4<<:,1 Erwk xqlw +vshfl￿f, dqg dg ydoruhp +shufhqwdjh, udwhv
duh dssolhg dw doo ohyhov ri jryhuqphqw/ vrphwlphv rq wkh vdph fodvvhv ri frpprglwlhv15
Wkh irup ri wd{ fdq kdyh d vxevwdqwldo lpsdfw rq vrfldo vxusoxv1 Wklv sdshu surylghv d
jhqhudo dssurdfk iru frpsdulqj h!flhqf| dfurvv wkh wzr w|shv ri h{flvh lqvwuxphqwv16
Wkh uhodwlyh h!flhqf| ri xqlw dqg dg ydoruhp wd{hv lv xqdpeljxrxv iru wkh srodu
fdvhv ri shuihfw frpshwlwlrq dqg prqrsro|1 Xqghu shuihfw frpshwlwlrq/ wkh wzr wd{
w|shv duh htxlydohqw> xqlw dqg dg ydoruhp wd{hv frqvwuxfwhg wr udlvh wkh vdph dprxqw
ri uhyhqxh ohdg wr lghqwlfdo hfrqrplf rxwfrphv +erwk wd{hv vkliw wkh shufhlyhg ghpdqg
fxuyh grzq e| wkh vdph dprxqw dw lwv lqwhuvhfwlrq zlwk vxsso|,1 Xqghu prqrsro|/ dq
dg ydoruhp wd{ lv zhoiduh vxshulru wr d xqlw wd{ wkdw |lhogv wkh vdph uhyhqxh ehfdxvh lw
uhqghuv wkh h￿hfwlyh ghpdqg fxuyh pruh hodvwlf dqg vr hqfrxudjhv surgxfwlrq1
Prvw pdunhw vwuxfwxuhv idoo ehwzhhq wkhvh wzr h{wuhph fdvhv ￿ ￿upv duh qhlwkhu
vr vpdoo dv wr h￿hfwlyho| wdnh wkh pdunhw sulfh dv jlyhq +zlwk vrph h{fhswlrqv/ vxfk
dv djulfxowxudo pdunhwv,/ qru duh wkhuh pdq| fdvhv ri sulydwh0vhfwru ￿upv zlwkrxw dq|
frpshwlwlrq1 Wkh suhgrplqdqw pdunhw irup lv roljrsro|1 Prvw ri wkh zrun rq wd{dwlrq
xqghu lpshuihfw frpshwlwlrq kdv dqdo|}hg Frxuqrw +txdolw|, frpshwlwlrq zlwk d kr0
prjhqhrxv surgxfw17 Wkh pdlq ulydo lv wkh Ehuwudqg +sulfh, prgho zlwk gl￿huhqwldwhg
surgxfwv1 Surgxfwv vrog e| ￿upv duh w|slfdoo| gl￿huhqwldwhg vr wkdw ￿upv uhwdlq vrph
4Lqwhusuhwdwlrq e| Dgdpv +4<<6, zlwk dgglwlrqdo lqirupdwlrq iurp Nudphu +4<8<,1
5Iru h{dpsoh/ wkh ihghudo jryhuqphqw ohylhv d ’6 shu sdvvhqjhu h{flvh rq wudqvsruwdwlrq li
e| zdwhu/ 43 shufhqw li e| dlu> vxuidfh frdo lv wd{hg dw wkh ohvvhu ri ’3188 shu wrq ru 717 shufhqw
ri wkh vdoh sulfh1
6Iru vlpsolflw|/ zh frqvlghu hdfk wd{ w|sh lq lvrodwlrq dqg gr qrw doorz iru frpelqdwlrqv +vhh
P|ohv/ 4<<9,1 Zh frqvlghu glvwulexwlrqdo lvvxhv lq Dqghuvrq/ gh Sdopd/ dqg Nuhlghu +5333,1
7Vhh/ h1j1/ Vhdgh/ 4<;:> Vwhuq/ 4<;:> Ehvoh|/ 4<;<> Gholsdood dqg Nhhq/ 4<<5> Vnhdwk dqg
Wudqgho/ 4<<7> dqg Nhhq*v 4<<; frpsuhkhqvlyh vxuyh| sdshu1
,pdunhw srzhu hyhq zkhq wkhuh duh pdq| ri wkhp1 Lqdssursuldwh dvvxpswlrqv derxw
pdunhw vwuxfwxuh dqg ￿up ehkdylru fdq plvohdg srolf| dqdo|vlv1
Wkh vwdqgdug dujxphqw iru wkh vxshulrulw| ri dg ydoruhp wd{dwlrq lq d prqrsro|
vhwwlqj/ zklfk xvhv pdujlqdo dqdo|vlv/ gdwhv edfn wr Zlfnvhoo +4;<9, dqg zdv ixuwkhu
ghyhorshg e| Vxlwv dqg Pxvjudyh +4<86,18 Gholsdood dqg Nhhq +4<<5, jhqhudol}hg wkh
dujxphqw wr vkrz wkdw dg ydoruhp wd{hv zhoiduh0grplqdwh xqlw wd{hv iru v|pphwulf
Frxuqrw0Qdvk roljrsrolhv19 Wkh| frqfoxgh wkdw rswlpdo srolf| iurp dq h!flhqf| shu0
vshfwlyh ￿uhtxluhv pd{lpxp uholdqfh rq dg ydoruhp wd{dwlrq￿ +s1684,1: Vnhdwk dqg
Wudqgho +4<<7, ixuwkhu vwuhqjwkhqhg wkh fdvh iru dg ydoruhp wd{hv xqghu prqrsro| e|
vkrzlqj wkdw iru dq| jlyhq xqlw wd{/ wkhuh h{lvwv dq dg ydoruhp wd{ wkdw |lhogv kljkhu
frqvxphu vxusoxv/ sur￿wv dqg wd{ uhyhqxh1 Iru olqhdu +dqg krprjhqhrxv, ghpdqg vfkhg0
xohv/ wkh| vkrz wkdw wklv Sduhwr grplqdqfh dovr h{whqgv wr Frxuqrw roljrsro| vhwwlqjv li
uhyhqxh uhtxluhphqwv duh vx!flhqwo| odujh1 Wkh| frqfoxgh wkdw ￿zhoiduh0pd{lpl}dwlrq
ehkdylru rq wkh sduw ri wkh jryhuqphqw zrxog dozd|v lpso| wkdw wkh dg ydoruhp wd{
zrxog eh lpsrvhg￿ +s1 9<,1
Zh xvh d vwudljkwiruzdug dssurdfk wkdw surylghv d fohdq surri ri wkh dg ydoruhp
h!flhqf| fodlp1 Zh h{whqg wklv uhvxow wr Ehuwudqg sulfh frpshwlwlrq zlwk gl￿huhqwldwhg
surgxfwv1 Rxu dqdo|vlv/ zklfk pdnhv gluhfw xvh ri wkh surshuwlhv ri wkh sur￿w ixqfwlrq/
lv vxusulvlqjo| jhqhudo dqg dssolhv wr pdq| roljrsro| prghov/ lqfoxglqj Vwdfnhoehuj
ohdghu2iroorzhu ehkdylru1 Wkh dssurdfk xqghuo|lqj wkh phwkrg ri rxu surri irupdoo|
h{whqgv dq lghd ￿uvw lqwurgxfhg e| Vxlwv dqg Pxvjudyh +4<86,1 Zh vkrz krz wkh
jhqhudo dujxphqw fdq eh wdloruhg wr frpsduh wkh uhodwlyh h!flhqf| ri gl￿huhqw wd{dwlrq
vfkhphv xqghu jhqhudo dvvxpswlrqv derxw ghpdqg dqg pdunhw frqglwlrqv1
Zh dovr ghprqvwudwh/ krzhyhu/ wkdw wkh uhodwlyh h!flhqf| ri dg ydoruhp wd{dwlrq
klqjhv fulwlfdoo| rq wkh dvvxpswlrqv ri v|pphwulf frvwv dqg d ￿{hg qxpehu ri ￿upv1
Zh vkrz wkdw xqlw wd{dwlrq fdq eh pruh h!flhqw xqghu Ehuwudqg frpshwlwlrq zlwk
gl￿huhqwldwhg surgxfwv/ hyhq lq wkh vkruw uxq/ li djjuhjdwh ghpdqg lv vx!flhqwo| lqhodvwlf
dqg ￿upv surgxfh dw gl￿huhqw frvwv1 Wklv uhvxow frqwudvwv vwduno| zlwk wkh Frxuqrw fdvh
zlwk krprjhqhrxv surgxfwv +khqfhiruwk/ wkh ￿Frxuqrw prgho￿,/ zkhuh zh ￿qg wkdw
dv|pphwulf frvw vwuxfwxuhv dozd|v vxssruw dg ydoruhp wd{hv1 Dowkrxjk wkh vxshulrulw|
ri dg ydoruhp wd{hv iru v|pphwulf frvwv frqwlqxhv wr krog lq wkh Frxuqrw prgho lq wkh
orqj uxq/ zh vkrz wkdw xqlw wd{dwlrq fdq eh zhoiduh0vxshulru lq wkh orqj uxq zkhq wkh
pdunhw lv fkdudfwhul}hg e| Ehuwudqg frpshwlwlrq zlwk gl￿huhqwldwhg surgxfwv1 Zkhq
frqvxphuv ydoxh surgxfw ydulhw| +ru wdvwhv ydu| dfurvv frqvxphuv,/ d xqlw wd{ pd| eh
suhihudeoh rq h!flhqf| jurxqgv ehfdxvh wkh xqlw wd{ ohdgv wr juhdwhu ydulhw| iru jlyhq
wd{ surfhhgv1 Zh dujxh wkdw wkh vrfldo ghvludelolw| ri rqh irup ri wd{ ryhu wkh rwkhu
ghshqgv rq wkh hodvwlflw| ri lqgxvwu| ghpdqg/ wkh vl}h ri wkh jryhuqphqw*v uhyhqxh
8Frxuqrw +4;6;, hduolhu uhfrjql}hg wkdw wkh wzr wd{hv uhtxluh vhsdudwh dqdo|vhv iru prqrsro|1
9Kdplowrq +4<<<, h{whqghg wkhlu prgho wr doorz iru rxwsxw0ghshqghqw wd{ vfkhgxohv1
:Wkhuh lv dq dqdorjrxv glvfxvvlrq ri wklv lvvxh lq wkh wudgh olwhudwxuh/ lq d frpsdulvrq ri
vshfl￿f dqg dg ydoruhp wdul￿v> vhh/ h1j1/ Khospdq dqg Nuxjpdq +4<;<,1
!uhtxluhphqw/ dqg rq wkh vwuhqjwk ri wdvwhv iru ydulhw| uhodwlyh wr wkh pdjqlwxgh ri ￿up
hqwu| frvwv1
Lq wkh qh{w vhfwlrq/ zh h{dplqh wkh vkruw uxq h!flhqf| gl￿huhqfhv ehwzhhq wkh wzr
wd{hv zlwk v|pphwulf frvw vwuxfwxuhv1 Vhfwlrq 6 lqwurgxfhv frvw dv|pphwulhv dfurvv
￿upv lqwr wkh dqdo|vlv1 Frqvhtxhqfhv iru orqj uxq h!flhqf| zlwk iuhh hqwu| duh wkhq
frqvlghuhg lq Vhfwlrq 71 Vhfwlrq 8 frqfoxghv zlwk d glvfxvvlrq ri rxu uhvxowv1
   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Zh ￿uvw suhvhqw rxu h!flhqf| dqdo|vlv iru wkh fdvh ri dq q0￿up Frxuqrw prgho/ zkhuh
hdfk ￿up surgxfhv d krprjhqhrxv jrrg dw frqvwdqw pdujlqdo frvw f +dqg ￿{hg frvwv duh
vxqn lq wkh vkruw uxq,1 Zkloh wkh vxshulrulw| ri wkh dg ydoruhp wd{ kdv suhylrxvo| ehhq
ghprqvwudwhg iru wklv fdvh +vhh/ h1j1/ Gholsdood dqg Nhhq/ 4<<5,/ zh xvh wklv vhwwlqj wr
vkrzfdvh wkh phwkrgrorj| xvhg ehorz1;
Xqghu d xqlw wd{/ w shu xqlw vrog/ Ilup l*v sur￿w zkhq lw surgxfhv rxwsxw t￿ lv
￿￿ @ ^s+T, ￿ h f‘t￿> +514,
zkhuh h f ￿ f.w lv wkh h￿hfwlyh pdujlqdo frvw/ T @
? S
￿’￿
t￿ lv wrwdo rxwsxw/ dqg s+T, ghqrwhv
wkh lqyhuvh ghpdqg fxuyh1 Zh pdnh qr frqfdylw| ru gl￿huhqwldelolw| dvvxpswlrqv= zh
rqo| dvvxph wkhuh h{lvwv d vroxwlrq wr wkh Frxuqrw jdph +l1h1/ d Qdvkhtxloleulxp lq
txdqwlwlhv,1< Ohw tW @ +tW
￿>===>tW




￿> vr wkdw wkh wd{
uhyhqxh froohfwhg xqghu wkh xqlw wd{ lv UL @ wTW=
Xqghu dq dg ydoruhp wd{/ wkh surgxfhu sulfh lv +4 ￿ ￿,s+T,> zkhuh ￿ 5 ^3> 4‘ lv wkh
dg ydoruhp wd{ udwh143 Ilup l*v sur￿w ixqfwlrq lv wkhq ￿￿ @^ + 4￿ ￿,s+T, ￿ f‘t￿> ru
￿￿ @+ 4￿ ￿,^s+T, ￿ h f‘t￿> +515,
zkhuh qrz h f ￿ f@+4￿￿,1 Wkh nh| revhuydwlrq lv wkdw wklv sur￿w h{suhvvlrq lv wkh vdph





;D vlplodu phwkrg zdv xvhg lq d surri e| Gholsdood dqg Nhhq +4<<5, wr vkrz wkdw wkh rswlpdo
udwh ri xqlw wd{dwlrq lv qrqsrvlwlyh lq wkh Frxuqrw prgho zlwk iuhh hqwu| +wkhlu Sursrvlwlrq 9,1
<Vhh PfPdqxv +4<97, dqg Qryvkhn +4<;8, iru frqglwlrqv wkdw jxdudqwhh h{lvwhqfh dqg
xqltxhqhvv ri d Frxuqrw htxloleulxp1 Jlyhq v|pphwulf frvwv/ wkhvh frqglwlrqv duh yhu| plog1
43Wklv gh￿qlwlrq ri wkh dg ydoruhp wd{ udwh lv vlpsoh wr zrun zlwk lq zkdw iroorzv1 Dg ydoruhp
wd{ udwhv duh xvxdoo| h{suhvvhg dv d shufhqwdjh ri wkh surgxfhu sulfh/ lq zklfk fdvh wkh frqvxphu
sulfh lv +4.v, wlphv wkh surgxfhu sulfh/ zkhuh v lv wkh dg ydoruhp wd{ udwh1 Wkh udwh ￿ wkdw zh
xvh lv jlyhq e| v@+4.v, = d vdohv wd{ ri 43 shufhqw +v @3 =4, wudqvodwhv lqwr ￿ @4 @44=
-h{fhsw wkdw wkh whup +4￿￿, suhpxowlsolhv wkh h{suhvvlrq lq +515,1 Vlqfh +40￿, lv frqvwdqw/
lw dfwv olnh d sxuh sur￿w wd{ dqg lv wkhuhiruh qhxwudo lq wkh vkruw uxq1 Khqfh/ zkhqhyhu
wkh rwkhu ￿upv sod| wkhlu htxloleulxp vwudwhjlhv/ tW
3￿> irxqg iru wkh xqlw wd{/ Ilup l*v
ehvw uhso| lv wr sod| tW
￿ = Wkxv dq| htxloleulxp xqghu wkh xqlw wd{ lv dovr dq htxloleulxp
xqghu wkh dg ydoruhp wd{ +dqg ylfh yhuvd,/ jlyhq +516,144 Wkh wd{ uhyhqxh froohfwhg
xqghu wkh dg ydoruhp wd{ lv U￿ @ ￿s+TW,TW=
Zh fdq qrz frpsduh wkh wd{ uhyhqxhv xqghu wkh wzr gl￿huhqw wd{ vfkhphv jlyhq
wkdw +516, krogv1 Wkh wd{ uhyhqxh gl￿huhqfh lv
U￿ ￿ UL @ ￿s+TW,TW ￿ wTW
@ ^s+TW, ￿ h f‘￿TW> +517,
zkhuh zh kdyh xvhg +516,1 Dv orqj dv ￿A3> +fruuhvsrqglqj wr wA3,> dqg h f lv
ehorz wkh lqyhuvh ghpdqg fxuyh lqwhufhsw +vr TW A 3,/ wkh frpprq pdunxs lv srvlwlyh
+s+TW, ￿ h fA3, dqg khqfh U￿ AU L=45 +Iru d shuihfwo| frpshwlwlyh pdunhw/ sulfh htxdov
pdujlqdo frvw vr wkdw U￿ ￿ UL @3 > zklfk lv wkh vwdqgdug wd{ htxlydohqfh uhvxow iru
shuihfw frpshwlwlrq1, Khqfh iru dq| jlyhq xqlw wd{ wA3> wkhuh h{lvwv dq dg ydoruhp
wd{ ￿ wkdw |lhogv wkh vdph vrfldo vxusoxv zlwk d kljkhu wd{ uhyhqxh1 Dv orqj dv wkh
htxloleulxp rxwfrph lv frqwlqxrxv lq wkh dg ydoruhp wd{ udwh lq wkh qhljkerukrrg ri
TW dqg d orzhu wd{ ohdgv wr d kljkhu wrwdo rxwsxw/ wkhq wkhuh lv d voljkwo| orzhu ￿ wkdw
ohdgv wr erwk kljkhu vrfldo vxusoxv +vlqfh vxusoxv lqfuhdvhv lq TW,d q gdk l j k h uw d {
uhyhqxh +iurp wkh lqhtxdolw| wkdw iroorzv iurp +517,,1 Wklv dujxphqw lv wkh edvlv iru
gh￿qlqj rqh wd{ w|sh wr eh pruh h!flhqw li pruh wd{ uhyhqxh lv udlvhg iru wkh vdph
vrfldo vxusoxv +frqvxphu vxusoxv soxv sur￿w soxv wd{ uhyhqxh,146
Rxu fulwhulrq iru uhodwlyh wd{ h!flhqf| lv wkhuhiruh d kljkhu wd{ wdnh iru d jlyhq
wrwdo rxwsxw/ zklfk lv htxlydohqw wr wrwdo rxwsxw ehlqj odujhu iru d jlyhq wd{ uhyhqxh
xqghu idluo| plog frqglwlrqv1 Iru h{dpsoh/ zkhq pdujlqdo uhyhqxh lv vwulfwo| ghfuhdvlqj/
wkh wd{ uhyhqxh lv d frqwlqxrxv ixqfwlrq ri wkh rxwsxw lqgxfhg e| wkh wd{ udwh +zlwk
}hur wd{ uhyhqxh dw erwk }hur rxwsxw dqg wkh iuhh Frxuqrw htxloleulxp rxwsxw,1 Wkhq
iru dq| uhyhqxh ohyho dwwdlqhg xqghu wkh xqlw wd{/ wkhuh h{lvwv dq dg ydoruhp wd{ udwh
wkdw |lhogv wkh vdph wd{ uhyhqxh dw d kljkhu rxwsxw/ dqg wkhuhiruh kljkhu sur￿w soxv
frqvxphu vxusoxv1 Wr vhh wklv iru wkh prqrsro| fdvh/ lw pd| khos wkh uhdghu wr slfwxuh
wzr Od￿hu fxuyhv/ erwk dqfkruhg dw }hur rxwsxw dqg wkh wd{0iuhh prqrsro| rxwsxw/ zlwk
44Wkurxjkrxw wklv sdshu/ zh vhohfw wkh vdph htxloleulxp rxwfrphv iru wkh wzr wd{ w|shv li
wkhuh lv pruh wkdq rqh1
45Wkh gl￿huhqfh UD￿UX htxdov wkh gl￿huhqfh ri sur￿w xqghu wkh xqlw wd{ plqxv sur￿w xqghu
wkh htxlydohqw dg ydoruhp wd{/ dv lv dssduhqw iurp +514,0+516,1 Wklv iroorzv vlqfh T￿ lv wkh vdph
xqghu erwk wd{hv1 Wkhuhiruh/ wkh vxp ri sur￿w soxv wd{ uhyhqxh lv htxdo xqghu erwk uhjlphv/
dqg wkh kljkhu wd{ uhyhqxh hduqhg xqghu wkh dg ydoruhp wd{ lv d wudqvihu iurp sur￿wv1
46Dqrwkhu udwlrqdoh iru wklv gh￿qlwlrq iroorzv li wd{ uhyhqxh lv pruh kljko| zhljkwhg wkdq
sur￿w lq vrfldo zhoiduh/ zklfk zrxog eh wkh fdvh li lw lv vrfldoo| ghvludeoh wr udlvh wd{ uhyhqxh1
.wkh rqh iru wkh dg ydoruhp wd{ deryh wkdw iru wkh xqlw wd{1 Orzhu wd{ udwhv fruuhvsrqg
wr kljkhu rxwsxwv147 Rxu h!flhqf| fulwhulrq lv vlpso| wkdw wkh dg ydoruhp Od￿hu fxuyh
lv deryh wkh xqlw wd{ rqh> wkh dowhuqdwlyh fulwhulrq lv wkdw wkh dg ydoruhp wd{ rqh lv
wr wkh uljkw ri wkh xqlw wd{ rqh dw kljk hqrxjk rxwsxwv1 Khqfh wkh wzr fulwhuld duh
htxlydohqw1
Wkh dujxphqw iru wkh vxshulrulw| ri wkh dg ydoruhp wd{ dovr h{whqgv wr Ehuwudqg
+sulfh, frpshwlwlrq zlwk ￿upv vhoolqj gl￿huhqwldwhg surgxfwv1 Wr vhh wklv/ ohw G￿+s,
ghqrwh wkh ghpdqg dgguhvvhg wr Ilup l zkhq wkh sulfhv vhw e| ￿upv duh s ￿ +s￿> ===> s?,=
Xqghu d xqlw wd{/ Ilup l*v sur￿w lv wkhq
￿￿ @+ s￿ ￿ h f,G￿+s,>
zlwk h f ￿ f . w> zkloh iru dq dg ydoruhp wd{ lw lv
￿￿ @ +4 ￿ ￿,+s￿ ￿ h f,G￿+s,>
zlwk h f ￿ f@+4 ￿ ￿,= Li wkhuh h{lvwv d sulfh htxloleulxp sW xqghu rqh wd{/ wkhq wkh vdph
frqvxphu sulfhv frqvwlwxwh dq htxloleulxp iru wkh rwkhu wd{ zkhq +516, krogv= li doo rwkhu
sod|huv fkrrvh wkhlu htxloleulxp sulfhv/ Ilup l zloo wrr1 Wd{ uhyhqxh froohfwhg iurp Ilup
l xqghu wkh xqlw wd{ lv wG￿+sW,> xqghu wkh dg ydoruhp wd{ lw lv ￿sW
￿G￿+sW,= Xvlqj +516,/
wkh odwwhu h{fhhgv wkh iruphu dv orqj dv ￿+sW
￿ ￿ h f,G￿+sW, A 3> zklfk lv wuxh vlqfh sulfh
h{fhhgv h￿hfwlyh pdujlqdo frvw +zklfk lv d jhqhulf surshuw| ri Ehuwudqg htxloleuld zlwk
gl￿huhqwldwhg surgxfwv,1 Khqfh/ wd{ uhyhqxhv froohfwhg iurp hdfk ￿up duh kljkhu xqghu
dg ydoruhp wd{dwlrq148
Zh vxppdul}h wkh deryh uhvxowv lq wkh iroorzlqj sursrvlwlrq=
Sursrvlwlrq 41 Frqvlghu d ￿{hg qxpehu ri ￿upv zlwk lghqwlfdo frqvwdqw pdujlqdo
frvwv1 Wkh dg ydoruhp wd{ lv pruh h!flhqw wkdq wkh xqlw wd{ xqghu erwk wkh Frxuqrw
prgho dqg Ehuwudqg frpshwlwlrq zlwk surgxfw gl￿huhqwldwlrq surylghg wkhuh h{lvwv dq
htxloleulxp1
Wkh deryh h!flhqf| dujxphqw uhdglo| h{whqgv wr qrqfrqvwdqw frqwlqxrxv +exw vwloo
lghqwlfdo dfurvv ￿upv, pdujlqdo frvw iru v|pphwulf htxloleuld1 Wr vhh wklv iru wkh Frxuqrw
fdvh/ lw vx!fhv wr uhzulwh +514, iru wkh xqlw wd{ fdvh dv
￿￿ @ s+T,t￿ ￿ F+t￿, ￿ wt￿>
47D vlpsoh frqglwlrq iru wrwdo rxwsxw wr eh lqyhuvho| uhodwhg wr wkh wd{ lv wkdw wkh lqyhuvh
ghpdqg ixqfwlrq/ s+T,> eh orjfrqfdyh/ phdqlqj wkdw oqs lv frqfdyh lq T= Wklv frqglwlrq fryhuv
doo frqfdyh ghpdqgv dv zhoo dv doorzlqj ghpdqg ixqfwlrqv wkdw duh qrw ￿wrr￿ frqyh{1 Rxu
glvfxvvlrq sdshu surylghv ghwdlov1
48Wkh dqdorjrxv dujxphqw lv uhdglo| ghyhorshg iru Frxuqrw frpshwlwlrq zlwk gl￿huhqwldwhg
surgxfwv> l1h1/ hdfk ￿up*v lqyhuvh ghpdqg ixqfwlrq lv jlyhq dv sl+t,=
/zkhuh F+t, lv wkh wrwdo frvw ixqfwlrq1 Ghqrwh wkh v|pphwulf vroxwlrq wr wkh Frxuqrw
jdph xqghu xqlw wd{dwlrq dv TW @ qtW= Olnhzlvh/ +515, iru wkh dg ydoruhp fdvh ehfrphv












+Wklv uhodwlrq uhgxfhv wr +516, zkhq pdujlqdo frvw lv frqvwdqw1, Xvlqj wkh vdph dujx0
phqw dv ehiruh/







zklfk lv vwulfwo| srvlwlyh vlqfh sulfh h{fhhgv h￿hfwlyh pdujlqdo frvw dw wkh roljrsro|
htxloleulxp1 D sdudooho surri hvwdeolvkhv wkh fodlp iru wkh Ehuwudqg fdvh1
Wkh h!flhqf| uhvxow ri Sursrvlwlrq 4 dovr h{whqgv wr Vwdfnhoehuj +ohdghuvkls, vwuxf0
wxuhv +zlwk htxdo dqg frqvwdqw pdujlqdo frvw,/ zlwk hlwkhu d vhtxhqwldo pryh vwuxfwxuh
zlwk hdfk ￿up fkrrvlqj lwv rxwsxw lqwhuqdol}lqj wkh uhdfwlrqv ri vxevhtxhqw ￿upv lq wkh
rughu ri pryhv +vhh Urevrq/ 4<<3, ru zlwk p ohdghuv dqg q ￿ p iroorzhuv +vhh Gdxjk0
hw|/ 4<<3, dv zhoo dv yduldqwv rq wkhvh wkhphv1 Djdlq/ wkh vwuxfwxuh ri +514, dqg +515,
wrjhwkhu zlwk +516, vx!fhv wr suryh wkh uhvxow= wkh h!flhqf| surshuw| grhv qrw uho| rq
wkh pdunhw frqgxfw1 Wr looxvwudwh/ frqvlghu d vhtxhqwldo0pryh rxwsxw fkrlfh jdph/ zlwk




￿? @^ s+T3? . t?, ￿ +f . w,‘t? +518,
xqghu wkh xqlw wd{/ zkhuh T3? ghqrwhv wkh fxpxodwlyh rxwsxw ri wkh suhfhglqj q ￿ 4
￿upv1 Uhjdugohvv ri T3?> dq| vroxwlrq wr +518, lv dovr d vroxwlrq wr
dujpd{
^?
￿? @ +4 ￿ ￿,
￿





zkhq ￿ lv vhw dffruglqj wr +516,1 Jlyhq wklv uhvxow/ vlplodu uhdvrqlqj vkrzv wkdw wkh
vroxwlrq+v, wr Ilup q￿4*v sureohp lv dovr lqghshqghqw ri wkh irup ri wd{ v|vwhp jlyhq
dq| fxpxodwlyh rxwsxw ri wkh suhfhglqj q￿5 ￿upv/ hwf1/ vr wkdw dq| htxloleulxp vroxwlrq
xqghu rqh wd{ v|vwhp lv dovr d vroxwlrq xqghu wkh rwkhu rqh1 Wkh vxshulrulw| ri wkh dg
ydoruhp wd{ wkhq iroorzv gluhfwo| iurp wkh dujxphqw iroorzlqj htxdwlrq +517,1 Iru dq|
htxloleulxp xqghu d xqlw wd{/ wkh vdph htxloleulxp h{lvwv xqghu dq dssursuldwho| fkrvhq
dg ydoruhp wd{ +jlyhq e| +516,, ehfdxvh wkh sur￿w ixqfwlrqv duh lghqwlfdo lq wkh wzr fdvhv
+dsduw iurp d qhxwudo sur￿wv wd{ lq wkh dg ydoruhp fdvh,1 Ixuwkhupruh/ wd{ uhyhqxh lv
0kljkhu xqghu wkh dg ydoruhp fdvh/ dqg e| frqwlqxlw| wkhuh h{lvwv d voljkwo| orzhu dg
ydoruhp udwh wkdw |lhogv erwk pruh uhyhqxh dqg pruh rxwsxw1
Lq wkh qh{w vhfwlrqv zh h{dplqh wkh urexvwqhvv ri wklv uhvxow e| frqvlghulqj frvw
dv|pphwulhv dfurvv ￿upv +Vhfwlrq 6, dqg wkh orqj uxq vlwxdwlrq zlwk iuhh hqwu| +Vhfwlrq
7,1
     
!!	 
Zh qrz lqwurgxfh frvw gl￿huhqfhv dfurvv ￿upv wr vhh krz vxfk dv|pphwulhv fdq d￿hfw
wkh h!flhqf| uhvxow ri Sursrvlwlrq 41 Zh frqvlghu ￿uvw wkh Frxuqrw prgho/ dqg wkhq
wkh Ehuwudqg gl￿huhqwldwhg surgxfwv prgho1 Lq erwk fdvhv/ wkhuh duh q ￿upv surgxflqj
dw frqvwdqw pdujlqdo frvw odehohg vr wkdw f￿ ￿ f2 >===>￿ f?1
   

Dv vkrzq qh{w lq Sursrvlwlrq 5/ wkh h!flhqf| uhvxow lq Sursrvlwlrq 4 h{whqgv wr wkh
fdvh ri dv|pphwulf frvwv zkhq pdunhw frqgxfw lv fkdudfwhul}hg e| Frxuqrw frpshwlwlrq1
Lq idfw/ wkh fdvh iru dg ydoruhp wd{dwlrq lv vwuhqjwkhqhg zlwk frvw gl￿huhqfhv ehfdxvh
wklv irup ri wd{dwlrq ohdgv wr uhodwlyho| ohvv surgxfwlrq iurp kljk0frvw ￿upv1 Dvvxph
ghpdqg lv gl￿huhqwldeoh zlwk s￿+T, ? 3 dqg wkdw wkhuh h{lvwv d vroxwlrq wr wkh Frxuqrw
jdph xqghu dg ydoruhp wd{dwlrq ghqrwhg e| tW
￿> ===> tW





wrwdo htxloleulxp rxwsxw1 Zh wkhq kdyh=
Sursrvlwlrq 51 Wkh dg ydoruhp wd{ lv pruh h!flhqw wkdq wkh xqlw wd{ xqghu wkh
Frxuqrw prgho zlwk frqvwdqw/ exw srvvleo| gl￿huhqw/ pdujlqdo frvwv1
Surri1 Ilupv* ￿uvw rughu frqglwlrqv xqghu wkh dg ydoruhp wd{ duh jlyhq e|
s+T,.s￿+T,t￿ @ f￿@+4 ￿￿,>l @4 >= = = >q = +614,
Vxpplqj ryhu wkhvh ￿uvw rughu frqglwlrqv lpsolhv
qs+TW, . s￿+TW,TW @
? [
￿’￿
f￿@+4 ￿ ￿,= +615,
Iurp +615,/ zh ￿qg +vlqfh s￿+T, ? 3, wkdw wkh h￿hfwlyh sulfh h{fhhgv wkh dyhudjh pdu0
jlqdo frvw dfurvv ￿upv=
+4 ￿ ￿,s+TW, @ f ￿
4 ￿￿
q
s￿+TW,TW A f> +616,





1Wkh dqdorjrxv ￿uvw rughu frqglwlrqv iru wkh xqlw fdvh duh jlyhq e|
s+T,.s￿+T,t￿ @ f￿ . w> l @4 > ===> q> +617,




f￿ . qw= +618,






zklfk uhgxfhv wr +516, iru wkh v|pphwulf fdvh1 Wrwdo wd{ uhyhqxh lv juhdwhu zlwk wkh dg
ydoruhp wd{ li ￿s+TW,TW Aw T W zkhq TW lv dwwdlqhg xqghu erwk wd{hv1 Zkhq +619, krogv/
wklv uhyhqxh gl￿huhqfh lv srvlwlyh li dqg rqo| li ￿
￿3￿ ^+4 ￿ ￿,s+TW, ￿ f‘TW A 3>zklfk lv
wuxh e| +616,1 Wkxv/ pruh uhyhqxh lv udlvhg xqghu wkh dg ydoruhp wd{1
Vlqfh TW lv ￿{hg wr eh wkh vdph xqghu wkh wzr wd{hv/ s+TW, dqg khqfh frqvxphu
vxusoxv duh wkh vdph1 Wr hvwdeolvk wkh h!flhqf| ri wkh dg ydoruhp wd{/ lw uhpdlqv wr
eh vkrzq wkdw wkh wrwdo lqgxvwu| frvw ri surgxflqj TW lv qrw orzhu xqghu wkh xqlw wd{1




f￿ ^s+TW, ￿ f￿ ￿ w‘
￿s￿+TW,
> +61:,
zkhuh zh kdyh xvhg wkh ￿uvw rughu frqglwlrq iru wkh xqlw wd{ fdvh1 Vlploduo|/ wkh wrwdo




f￿ ^s+TW, ￿ f￿@+4 ￿￿,‘
￿s￿+TW,
= +61;,
Khqfh/ WFL AW F ￿ zkhq
? S
￿’￿
















￿= Wklv lqhtxdolw| iroorzv gluhfwo| iurp wkh Fdxfk|0Vfkzdu} lq0
htxdolw|1 ￿
Lq hvvhqfh/ wkh surri iroorzv wkh vwuxfwxuh ri wkdw iru Sursrvlwlrq 4 uhjduglqj wkh
uhyhqxh frpsdulvrq/ zlwk wkh h{wud hohphqw ri vkrzlqj wkdw surgxfwlrq lv ohvv h!flhqw
+pruh frvwo|, xqghu wkh xqlw wd{1 Wkh lqwxlwlrq lv wkdw wkh dg ydoruhp wd{ shqdol}hv wkh
2kljk frvw ￿upv pruh wkdq wkh orz frvw ￿upv e| dgglqj d juhdwhu devroxwh exughq/ wkxv
ghfuhdvlqj wkh rxwsxw ri wkh ohvv h!flhqw ￿upv lq wkh pl{ wkdw frpsulvhv TW=
Dv zh vkrz qh{w/ frvw dv|pphwulhv zrun yhu| gl￿huhqwo| xqghu Ehuwudqg frpshwlwlrq
zlwk surgxfw gl￿huhqwldwlrq1 Vlqfh zh vkrzhg lq Sursrvlwlrq 4 wkdw wkh dg ydoruhp wd{





Wr surylgh d vlpsoh Ehuwudqg frxqwhuh{dpsoh wr wkh Frxuqrw fdvh/ zh frqvlghu d vwdq0
gdug gxrsro| prgho zlwk orz0frvw Ilup 4 surgxflqj dw frqvwdqw pdujlqdo frvw f￿ dqg
kljk0frvw Ilup 5 surgxflqj dw frqvwdqw pdujlqdo frvw f2/ zlwk wkh surgxfwlrq frvw gli0
ihuhqfh ghqrwhg ￿f ￿ f2 ￿ f￿ A 3= Wkh ￿upv duh orfdwhg rq rssrvlwh hqgv ri d olqhdu
flw| zklfk olhv rq d olqh vhjphqw ri ohqjwk 41 Frqvxphuv ri phdvxuh 4 duh orfdwhg
xqlirupo| ehwzhhq wkh wzr ￿upv/ zlwk d sduwlfxodu frqvxphu*v orfdwlrq lqgh{hg e|
{ 5 ^3> 4‘> wkh glvwdqfh iurp Ilup 4 +dqg wkxv wkh glvwdqfh iurp Ilup 5 lv 4￿{,1 Hdfk
frqvxphu sxufkdvhv rqh xqlw ri wkh jrrg iurp khu prvw0suhihuuhg ￿up/ |lhoglqj frq0
vxpswlrq ehqh￿wv y1 Surgxfw gl￿huhqwldwlrq lv fdswxuhg e| wkh suhvhqfh ri wudyho frvwv>
frqvxphuv zlvk wr plqlpl}h wkhlu wrwdo sxufkdvh frvwv/ vr iru htxdo sulfhv frqvxphuv
suhihu wr sxufkdvh iurp wkh forvhu ￿up1 Ghqrwlqj s￿ wkh sulfh fkdujhg e| Ilup 4/ s2
wkh sulfh fkdujhg e| Ilup 5/ dqg ￿ wkh frqvwdqw glvxwlolw| shu xqlw ri glvwdqfh wudyhohg/
d frqvxphu*v wrwdo frvw dvvrfldwhg zlwk ex|lqj iurp Ilup 4 lv s￿ . ￿{ dqg wrwdo frvw
dvvrfldwhg zlwk ex|lqj iurp Ilup 5 lv s2 . ￿+4 ￿ {,= Gh￿qlqj e { dv wkh vroxwlrq wr
s￿.￿ e { @ s2.￿+4￿ e {,> frqvxphuv orfdwhg lq ^3> e {‘ ex| iurp Ilup 4 dw wkhvh duelwudu|
sulfhv vlqfh s￿ . ￿{ ? s2 . ￿+4 ￿ {,> zkloh wkh uhpdlqlqj frqvxphuv orfdwhg lq +e {>4‘
ex| iurp Ilup 51 Zh dvvxph wkdw ghulyhg ehqh￿wv ri frqvxpswlrq y duh vx!flhqwo|
odujh uhodwlyh wr surgxfwlrq dqg wudyho frvwv wkdw doo frqvxphuv zlvk wr ex| d xqlw ri wkh
jrrg149 Wkh ghpdqgv iru Ilup 4*v dqg Ilup 5*v surgxfwv duh jlyhq e| {￿+s￿>s 2,@e {
dqg {2+s￿>s 2,@+ 4￿ e {,/ uhvshfwlyho|/ zkhuh e { @
R23R￿
2￿ . ￿
2= Zh dvvxph wkdw ￿f?￿
D￿
wr hqvxuh wkdw wkh wd{ srolflhv frqvlghuhg ehorz gr qrw gulyh wkh kljk0frvw ￿up rxw ri
exvlqhvv1
Ghqrwlqj h f @ f.w iru wkh xqlw wd{ fdvh dqg h f @ f@+4￿￿, iru wkh dg ydoruhp wd{ fdvh
dv ehiruh/ Ilup m fkrrvhv s￿ wr pd{lpl}h +s￿ ￿ h f￿,{￿+s￿>s 2,> zklfk |lhogv wkh uhdfwlrq
ixqfwlrqv
s￿ @ ￿
2 +s2 . h f￿ . ￿,
s2 @ ￿
2 +s￿ . h f2 . ￿,=
Zh fdq wkhq vroyh iru wkh htxloleulxp sulfhv
49Iru vx!flhqwo| odujh y> ￿upv zloo qrw sulfh dq|rqh rxw ri wkh hqwluh pdunhw lq htxloleulxp1
3sW
￿+h f￿>h f2>￿,@2




￿h f2 . ￿
￿h f￿ .￿=
Qrwh wkdw ￿upv fkdujh lghqwlfdo sulfhv zkhq surgxfwlrq frvwv duh wkh vdph= sW
￿ @ sW
2 @
h f . ￿1
Zlwk dv|pphwulf frvwv/ wd{hv dowhu wkh htxloleulxp sulfh gl￿huhqfh ehwzhhq ￿upv/




￿￿h f> zkhuh ￿h f ￿ h f2 ￿ h f￿= Htxloleulxp ghpdqg lv wkhq
{W























21 Hyhq zlwk dv|pphwulf frvwv/ wkh xqlw wd{ kdv qr h￿hfw rq wkh sulfh gl￿huhqfh ru
ghpdqgv> lq wklv fdvh ￿h f @￿ f/ zklfk grhv qrw ghshqg rq w dqg vr grhv qrw ixuwkhu
glvwruw wkh pdunhw rxwfrph1 Wkh dg ydoruhp wd{ grhv d￿hfw sulfhv dqg wkh rxwsxw
pl{ vlqfh wkhq ￿h f @ ￿
￿3￿￿f/ zklfk ulvhv zlwk ￿1
Wr h{dplqh wkh frqvhtxhqfhv ri wd{dwlrq iru h!flhqf|/ zh frqvlghu wkh h￿hfwv ri
wkh wd{hv rq vrfldo vxusoxv/ phdvxuhg dv frqvxphu vxusoxv soxv ￿up sur￿wv soxv wd{






￿￿ ￿ ￿{￿￿,.+ 4￿ ￿,+sW







2￿ ￿ ￿{2￿,.+ 4￿ ￿,+sW
2￿ ￿ h f2￿,.￿s W
2￿‘g{￿￿>
zklfk ehfrphv











Vlploduo|/ zhoiduh xqghu wkh xqlw wd{ lv jlyhq e|











Vlqfh djjuhjdwh ghpdqg lv ￿{hg dqg hdfk frqvxphu uhfhlyhv xwlolw| y/ pd{lpl}lqj vrfldo
zhoiduh lv htxlydohqw wr plqlpl}lqj wrwdo frvwv +surgxfwlrq soxv wudyho, ri jhqhudwlqj wkdw
xwlolw|1 Wkh dyhudjh wudyho frvw dvvrfldwhg zlwk {￿ fxvwrphuv sxufkdvlqj iurp Ilup 4 lv
￿
2{￿/ lpso|lqj d wrwdo wudyho frvw ri ￿
2{2
￿ +dqg vlploduo| iru Ilup 5,1
,"Diwhu vxevwlwxwlqj wkh ghpdqg ydoxhv iurp +61<, lqwr wkh zhoiduh ixqfwlrq/ lw lv hdvlo|






















￿ vr wkdw wkh kljk0frvw ￿up vhuyhv dq lqh!flhqwo| odujh
vkduh ri wkh pdunhw lq wkh devhqfh ri wd{dwlrq1 Wklv lv ehfdxvh wkh orz0frvw ￿up/ zkloh
sulflqj ehorz wkh kljk0frvw ￿up/ qhyhuwkhohvv xvhv lwv frvw dgydqwdjh wr ryhusulfh lwv
surgxfw1
Vlqfh wkh doorfdwlrq ri uhvrxufhv lv lqghshqghqw ri wkh xqlw wd{ udwh/ wkh xqlw wd{
qhlwkhu fruuhfwv qru h{dfhuedwhv wkh gxrsro| ghpdqg glvwruwlrq1 Wkh dg ydoruhp wd{/
krzhyhu/ grhv d￿hfw htxloleulxp pdunhw vkduh e| lqfuhdvlqj wkh h￿hfwlyh frvw gl￿huhqwldo
ehwzhhq ￿upv1 Vlqfh ￿h f @ {S
￿3￿> vx!flhqwo| orz ydoxhv ri ￿ lpsuryh zhoiduh e| qduurzlqj
wkh jds ehwzhhq {W
￿ dqg {J
￿= Lw lv hdvlo| yhul￿hg wkdw wkh jds lv holplqdwhg zkhq ￿ @5 @61
I r uy d o x h vr i￿ juhdwhu wkdq 5@6> wkh h￿hfwlyh surgxfwlrq frvwv iru Ilup 5 ehfrph vr kljk
uhodwlyh wr Ilup 4 wkdw Ilup 4 dfwxdoo| ryhusurgxfhv1 Iru d vx!flhqwo| kljk ydoxh ri ￿>
vrfldo zhoiduh zloo idoo ehorz wkdw dvvrfldwhg zlwk wkh xqlw wd{ fdvh1 Wklv lpsolhv wkdw
xqlw wd{dwlrq lv vrfldoo| suhihudeoh wr dg ydoruhp wd{dwlrq iru vx!flhqwo| kljk uhyhqxh
uhtxluhphqwv1 Vxevwlwxwlqj wkh ghpdqg ydoxhv lq +61<, lqwr wkh zhoiduh ixqfwlrqv +6143,
dqg +6144, |lhogv +diwhu vrph dojheud, wkh zhoiduh gl￿huhqfh
Z￿ ￿ ZL @








Khqfh/ wkh xqlw wd{ grplqdwhv wkh dg ydoruhp wd{ li wkh dg ydoruhp udwh h{fhhgv 7@81
Wklv uhvxow lv vxppdul}hg dv Sursrvlwlrq 6=
Sursrvlwlrq 61 Wkh xqlw wd{ lv pruh h!flhqw wkdq wkh dg ydoruhp wd{ xqghu Ehuwudqg
frpshwlwlrq lq wkh olqhdu flw| prgho zkhq pdujlqdo surgxfwlrq frvwv gl￿hu dqg uhyhqxh
uhtxluhphqwv duh vx!flhqwo| kljk1
Wklv vlpsoh frxqwhuh{dpsoh lqyroyhv shuihfwo| lqhodvwlf lqglylgxdo ghpdqg1 Li ghpdqg
lv qrw shuihfwo| lqhodvwlf/ wkh uhodwlyho| qrqglvwruwlrqdu| h￿hfw ri dg ydoruhp wd{dwlrq
rq lqglylgxdo ghpdqg pxvw eh frqvlghuhg lq dgglwlrq wr wkh h￿hfw rq wkh surgxfwlrq
pl{1
Zh kdyh vkrzq wkdw frvw dv|pphwulhv vwuhqjwkhq wkh ghvludelolw| ri dg ydoruhp
wd{hv xqghu Frxuqrw frpshwlwlrq zlwk krprjhqhrxv surgxfwv/ exw xqlw wd{hv pd| eh
suhihuuhg xqghu Ehuwudqg frpshwlwlrq zlwk surgxfw gl￿huhqwldwlrq1 Dowkrxjk wkhvh duh
wkh surplqhqw prghov lq wkh olwhudwxuh/ wkh dqdo|vlv ohdyhv rshq wkh txhvwlrq zkhwkhu
wkh prgh ri frpshwlwlrq ru surgxfw gl￿huhqwldwlrq lv uhvsrqvleoh iru xqvhdwlqj wkh dg
ydoruhp wd{1 Li wkh surgxfw vrog lv shuihfwo| krprjhqhrxv/ Ehuwudqg frpshwlwlrq ohdgv
wr wkh orzhvw frvw surgxfhu vhuylqj wkh pdunhw dw wkh frvw/ f2> ri wkh qh{w orzhu frvw
surgxfhu +dvvxplqj wkdw wklv frvw lv ehorz wkh ￿uvw ￿up*v prqrsro| sulfh,1
I r udx q l ww d { /w> wkh htxloleulxp sulfh lv f2 . w zlwk vdohv ri T+f2 . w,= Dq dg
ydoruhp wd{ ￿ v h wv rw k d wf2 . w @ f2@+4 ￿ ￿, |lhogv wkh vdph htxloleulxp sulfh vlqfh
,,wkh surgxfhu sulfh xqghu dg ydoruhp wd{dwlrq lv s+4 ￿ ￿,@f2= Vdohv duh wkhuhiruh wkh






zkhq f2 . w @ f2@+4 ￿ ￿,=
Erwk wd{hv duh wkxv htxdoo| h!flhqw1 Krzhyhu/ hyhq zlwk d vpdoo dprxqw ri surgxfw
gl￿huhqwldwlrq +￿A3 lq wkh h{dpsoh deryh,/ wkh suhfhglqj dqdo|vlv vkrzv wkdw hlwkhu
wd{ w|sh pd| grplqdwh ghshqglqj rq uhyhqxh uhtxluhphqwv1 Xqghu wkh Frxuqrw prgho/
vlqfh dg ydoruhp wd{dwlrq vwulfwo| grplqdwhv xqlw wd{dwlrq iru doo uhyhqxh uhtxluhphqwv/
dgglqj d vpdoo hqrxjk dprxqw ri surgxfw gl￿huhqwldwlrq zloo qrw xsvhw wkdw uhvxow
+e| frqwlqxlw|,1 Wklv dujxphqw +zhdno|, vxjjhvwv wkdw lw lv sulpdulo| wkh prgh ri
frpshwlwlrq wkdw lv uhvsrqvleoh iru wkh uhvxow1 Zh kdyh irxqg qr frxqwhuh{dpsohv/
dqg vlpxodwlrqv iru d olqhdu0ghpdqg gl￿huhqwldwhg surgxfwv v|vwhp vkrzhg qr  lsv lq
zhoiduh vxshulrulw| ri dg ydoruhp wd{hv xqghu Frxuqrw frpshwlwlrq/ zkloh wkhuh zhuh
vxfk  lsv iru Ehuwudqg frpshwlwlrq +h1j1/ wkh uhvxow ri Sursrvlwlrq 6,14: Qhyhuwkhohvv/ zh
kdyh qrw ehhq deoh wr suryh wkdw wkh dg ydoruhp wd{ lv dozd|v suhihuuhg xqghu Frxuqrw
frpshwlwlrq zlwk dv|pphwulf frvwv dqg gl￿huhqwldwhg surgxfwv
# $  %!
Wkh orqj uxq htxloleulxp dqdo|vlv doorzv iru wkh qxpehu ri ￿upv wr ghshqg rq wkh wd{
srolf| dqg d ￿{hg hqwu| frvw/ N= Surgxfwlrq frvwv duh wkh vdph dfurvv ￿upv1 Dv zlwk
suhylrxv vhfwlrqv/ zh ￿uvw h{whqg wkh uhvxow ri wkh vxshulrulw| ri wkh dg ydoruhp wd{ iru
wkh Frxuqrw fdvh/ dqg wkhq zh surylgh d frxqwhuh{dpsoh wr vkrz wkdw xqlw wd{dwlrq
fdq eh zhoiduh0vxshulru iru wkh Ehuwudqg fdvh1 Wkh vwdwh ri wkh duw lq wkh olwhudwxuh
iru wkh orqj uxq Frxuqrw fdvh lv wkdw ￿wkh vhw ri flufxpvwdqfhv lq zklfk zhoiduh lv
lpsuryhg e| vshfl￿f wd{dwlrq lv d vwulfw vxevhw ri wkdw lq zklfk lw lv lpsuryhg e| dg
ydoruhp wd{dwlrq￿ +Gholsdood dqg Nhhq/ 4<<5/ s1 697,1 Wkh| vkrz wklv e| frqvlghulqj
vpdoo wd{hv +lq wkh qhljkerukrrg ri wkh wd{0iuhh htxloleulxp,1 Lq frqwudvw wr wklv orfdo
uhvxow/ rxu uhvxow lv d joredo rqh wkdw hvwdeolvkhv wkh vxshulrulw| ri wkh dg ydoruhp wd{
lq dwwdlqlqj dq| jlyhq +ihdvleoh, uhyhqxh uhtxluhphqw1 Lq wkh Ehuwudqg fdvh/ Nd| dqg
Nhhq +4<;6, kdyh vxjjhvwhg wkdw xqlw wd{dwlrq fdq grplqdwh dg ydoruhp wd{hv lq wkh
orqj uxq iru kljk hqrxjk uhyhqxh uhtxluhphqwv1 Zh surylgh dq h{dpsoh ehorz lq zklfk
xqlw wd{dwlrq grplqdwhv iru dq| uhyhqxh uhtxluhphqw1
#  
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Wkh qh{w sursrvlwlrq h{whqgv wkh h!flhqf| uhvxow lq Sursrvlwlrq 4 iru Frxuqrw wr wkh
orqj uxq=
Sursrvlwlrq 71 Lq wkh orqj uxq htxloleulxp xqghu wkh Frxuqrw prgho/ wkh dg ydoruhp
wd{ lv pruh h!flhqw wkdq wkh xqlw wd{ li pdujlqdo frvwv duh frqvwdqw dqg htxdo dfurvv
4:Lqghhg/ rxu vlpxodwlrqv iru wkh olqhdu ghpdqg prgho xqghu Frxuqrw frpshwlwlrq vxjjhvw wkdw
wkh zhoiduh dgydqwdjh ri wkh dg ydoruhp wd{ jurzv prqrwrqlfdoo| zlwk wkh uhyhqxh uhtxluhphqw1
,!￿upv surylghg wkhuh h{lvwv d xqltxh v|pphwulf htxloleulxp1
Surri1 Iurp wkh }hur sur￿w frqglwlrq xqghu wkh wzr wd{hv/ dqg dw d v|pphwulf htxl0
oleulxp dw zklfk wrwdo rxwsxw lv wkh vdph xqghu erwk wd{hv/ zh kdyh












zkhuh qL dqg q￿ ghqrwh wkh qxpehuv ri ￿upv xqghu wkh xqlw dqg dg ydoruhp wd{hv/
uhvshfwlyho|1 Vlqfh rxwsxw lv wkh vdph lq erwk fdvhv/ wkh ￿uvw htxdolw| lq +714, lpsolhv







iurp zklfk zh fdq vxevwlwxwh wkh ￿uvw rughu frqglwlrqv +617, dqg +614, wr jlyh
￿s￿tLq￿ @ ￿s￿t￿+4 ￿￿,qL> +716,
zkhuh tL @ T@qL dqg t￿ @ T@q￿> wkh rxwsxwv shu ￿up xqghu wkh wzr wd{hv1 Xvlqj
wkh h{suhvvlrqv iru tL dqg t￿ |lhogv=
q2
￿ @ +4 ￿ ￿,q2
L> +717,
zklfk lpsolhv q￿ ?q L= Wklv lqhtxdolw| phdqv wkdw surgxfwlrq ri T lv qhfhvvdulo| ohvv
h!flhqw xqghu wkh xqlw wd{ ehfdxvh pruh ￿upv duh lqyroyhg +vlqfh pdujlqdo frvw lv
frqvwdqw dqg hdfk ￿up hqwdlov d ￿{hg frvw,1
Wr hvwdeolvk wkh juhdwhu h!flhqf| ri wkh dg ydoruhp wd{/ lw wkhuhiruh vx!fhv wr vkrz
wkdw pruh uhyhqxh lv udlvhg1 Zh zlvk wr vkrz U￿ AU L> ru ￿sT A wT/ jlyhq wkdw
￿ dqg w duh vhw vxfk wkdw T lv wkh htxloleulxp rxwfrph xqghu erwk wd{hv1 Wkh odwwhu
uhodwlrq lv jlyhq e| +715,1 Zh vxevwlwxwh +717, lqwr wklv htxdwlrq wr |lhog +s ￿ f ￿ w,@ s
4 ￿￿ ^s ￿ f@+4 ￿￿,‘> ru
















^+4 ￿ ￿,s ￿f‘ A 3= +719,
Wklv lqhtxdolw| qhfhvvdulo| krogv vlqfh 3 ?￿?4 dqg +4 ￿ ￿,sAflq wkh roljrsro|
htxloleulxp1 ￿
Gholsdood dqg Nhhq +4<<5, kdyh vkrzq wkdw li vpdoo xqlw wd{hv lpsuryh vrfldo zhoiduh
wkhq vpdoo dg ydoruhp wd{hv duh dovr zhoiduh0lpsurylqj1 Wklv frqfoxvlrq vwhpv iurp wkh
,-Pdqnlz dqg Zklqvwrq +4<;9, uhvxow wkdw wkh iuhh hqwu| htxloleulxp xqghu wkh Frxuqrw
prgho hqwdlov d vrfldoo| h{fhvvlyh qxpehu ri ￿upv +lq wkh devhqfh ri wd{hv,/ frxsohg
zlwk wkh surshuw| wkdw dg ydoruhp wd{dwlrq lv dvvrfldwhg zlwk uhodwlyho| orz vkruw uxq
sur￿wv frpsduhg zlwk xqlw wd{dwlrq1 Wkh dg ydoruhp wd{ lv sduwlfxoduo| h￿hfwlyh iru
glvfrxudjlqj hqwu| dqg uhgxflqj djjuhjdwh ￿{hg frvwv14; Rxu uhvxow lv wkdw iru dq| xqlw
wd{/ wkhuh lv dq dg ydoruhp wd{ wkdw ohdgv wr wkh vdph djjuhjdwh rxwsxw/ exw ihzhu ￿upv
duh lqyroyhg lq surgxflqj wkdw rxwsxw1 Dg ydoruhp wd{dwlrq lv pruh h!flhqw vlqfh ￿{hg




Wkh suhylrxv vxevhfwlrq vkrzhg wkdw dg ydoruhp wd{dwlrq frqwlqxhv wr grplqdwh xqlw
wd{dwlrq lq wkh orqj uxq zlwk iuhh hqwu| xqghu wkh Frxuqrw prgho1 Zh zloo vkrz wkdw
Ehuwudqg frpshwlwlrq dqg surgxfw gl￿huhqwldwlrq fdq ohdg wr wkh rssrvlwh frqfoxvlrqv
derxw wd{ h!flhqf|1 Zh ￿uvw surylgh dq h{dpsoh lq zklfk wkh xqlw wd{ lv dozd|v
zhoiduh0vxshulru wr wkh dg ydoruhp wd{1 Zh wkhq eulh | glvfxvv rwkhu prghov1
Wkh frxqwhuh{dpsoh xvhv d frpprq glvfuhwh fkrlfh iudphzrun iru frqvxphu ghpdqg
+vhh Dqghuvrq hw do1/ 4<<5,1 Ohw wkh frqglwlrqdo lqgluhfw xwlolw| ri dq lqglylgxdo fkrrvlqj
jrrg l iurp q dowhuqdwlyhv eh jlyhq e|
X￿ @ | ￿ s￿ . ￿%￿>l @4 ===q> +71:,
zkhuh | lv wkh frqvxphu*v lqfrph/ s￿ lv wkh sulfh ri jrrg l/d q g￿%￿ lv dq lglrv|q0
fudwlf pdwfk ydoxh ehwzhhq wkh frqvxphu dqg jrrg l1 Hdfk frqvxphu sxufkdvhv rqh
xqlw ri wkh jrrg iru zklfk khu xwlolw| lv juhdwhvw1 Wkh pdwfk whup frqvlvwv ri d
vfdoh sdudphwhu ￿A3> zklfk phdvxuhv wkh lqwhqvlw| ri frqvxphu suhihuhqfhv dfurvv
wkh gl￿huhqw jrrgv/ dqg d uhdol}dwlrq ri udqgrp pdwfk yduldeoh %￿1 Wkhvh yduldeohv
duh dvvxphg wr eh lghqwlfdoo| dqg lqghshqghqwo| glvwulexwhg +zklfk lpsolhv wkdw wkh
jrrgv duh v|pphwulf vxevwlwxwhv,1 Wkh frpprq glvwulexwlrq dqg ghqvlw| ixqfwlrqv
duh jlyhq e| I+{, dqg i+{,> uhvshfwlyho|1 Zh ixuwkhu dvvxph wkdw wkh wrwdo pdvv ri
frqvxphuv lv xqlw| vr wkdw wkh qxpehu ri frqvxphuv sxufkdvlqj jrrg l lv jlyhq e|






















Wr surylgh wkh vkdushvw frqwudvw ehwzhhq wkh Frxuqrw prgho dqg Ehuwudqg frp0
shwlwlrq zlwk gl￿huhqwldwhg surgxfwv/ zh dvvxph wkdw wkh wdvwh glvwulexwlrq lv jlyhq e|
I+{, @ i+{, @h { s +{ ￿ e,>{5 +￿4>e ‘1
4;Ehvoh| +4<;<, suhylrxvo| vkrzhg wkdw xqlw wd{hv fdq eh xvhg wr fruuhfw wkh ryhuhqwu| sure0
ohp1 Kh glg qrw frqvlghu dg ydoruhp wd{hv1
,.Xqghu d xqlw wd{/ wkh Ilup l*v sur￿w lv
￿￿ @+ s￿ ￿ h f,G￿ ￿ N>
zkhuh h f @ f . w= Wkh ￿uvw rughu frqglwlrq iru sur￿w pd{lpl}dwlrq lv
C￿￿
Cs￿


















?> dw htxdo sulfhv1 Wkxv d ￿up*v pdunxs lv jlyhq e|




Ilup sur￿w dv d ixqfwlrq ri q lv wkhq ￿￿+q, @
>
?E?3￿￿￿N> vr wkdw wkh orqj uxq htxloleulxp







wkh odvw hqwudqw hduqv qrqqhjdwlyh sur￿wv zkloh dq dgglwlrqdo hqwudqw zrxog hduq qhjd0
wlyh sur￿wv1
Vrfldo zhoiduh iru wklv prgho lv jlyhq e|
Z @ | .￿
] K
3"
{j+{,g{ ￿ f ￿ qN>
zkhuh j+￿, lv wkh s1g1i1 ri wkh pd{lpxp %= Wkh f1g1i1 ri wkh pd{lpxp % lv jlyhq
e| J+{, @ ^I+{,‘
? > zklfk lpsolhv j+{, @ q^I+{,‘
?3￿ i+{, @ qh{s^q+{ ￿ e,‘= Xvlqj
lqwhjudwlrq e| sduwv/ vrfldo zhoiduh lv jlyhq e| Z @ | .￿e￿
>
? ￿f￿qN>zklfk lpsolhv
wkdw wkh zhoiduh fkdqjh dvvrfldwhg zlwk dq dgglwlrqdo hqwudqw lv Z+q .4 , ￿ Z+q, @
>







Exw wklv lv wkh vdph frqglwlrq dv +71<,= wkh orqj uxq htxloleulxp lv fkdudfwhul}hg e| wkh
vrfldoo| h!flhqw qxpehu ri ￿upv lq wkh devhqfh ri wd{dwlrq +vhh dovr Dqghuvrq hw do1/
4<<8, dqg xqghu wkh xqlw wd{1 Vlqfh wkh rswlpdo qxpehu ri ￿upv hqwhuv wkh pdunhw lq
,/wkh devhqfh ri wd{dwlrq/ dqg wkh xqlw wd{ lv qrqglvwruwlrqdu| +lq wkh vhqvh wkdw wkh wd{
lv ixoo| sdvvhg rq wr frqvxphuv,/ vkruw uxq sur￿wv dqg khqfh wkh orqj uxq qxpehu ri
￿upv duh xqfkdqjhg xqghu wkh xqlw wd{1
Dv vkrzq qh{w/ krzhyhu/ wkh dg ydoruhp wd{ lv qrw ixoo| sdvvhg rq dqg vr glplqlvkhv
sur￿wv dqg wkh qxpehu ri ￿upv lq wkh orqj uxq htxloleulxp1 Iru wkh dg ydoruhp fdvh/
sur￿w lv jlyhq e|
￿￿ @+ 4￿ ￿,+s￿ ￿ h f,G￿ ￿ N>
zkhuh qrz h f @ f@+4￿￿,= Dv iru wkh xqlw fdvh/ d ￿up*v pdunxs dw d v|pphwulf htxloleulxp
lv jlyhq e| +71;, vr wkdw sur￿w shu ￿up lv jlyhq e| ￿￿+q,@
E￿3￿￿>
?E?3￿￿ ￿ N= Wkh orqj uxq







Vlqfh sur￿wv duh orzhu iru d jlyhq qxpehu ri ￿upv xqghu wkh dg ydoruhp wd{/ wkh
htxloleulxp qxpehu ri ￿upv lv +zhdno|, orzhu frpsduhg zlwk wkh xqlw wd{1 Dv wkh dg
ydoruhp udwh ￿ ulvhv/ wkh qxpehu ri dfwlyh ￿upv ghfolqhv dqg frqvxphuv orvh vxusoxv lq
wkh irup ri orvw surgxfw ydulhw|1 Vlqfh wkh xqlw wd{ htxloleulxp lqyroyhv wkh h!flhqw
qxpehu ri ￿upv/ lw lv dozd|v zhoiduh0vxshulru wr wkh dg ydoruhp wd{1
Sursrvlwlrq 81 Iru wkh glvfuhwh fkrlfh prgho zlwk h{srqhqwldoo| glvwulexwhg pdwfk ydo0
xhv xqghu Ehuwudqg frpshwlwlrq zlwk iuhh hqwu|/ wkh xqlw wd{ lv d pruh h!flhqw uhyhqxh
lqvwuxphqw wkdq wkh dg ydoruhp wd{1
Iru wkh orjlw ghpdqg vshfl￿fdwlrq +zkhq wkh % whupv kdyh d grxeoh h{srqhqwldo
glvwulexwlrq,/ wkh uhodwlyh h!flhqf| ri wkh wzr wd{ irupv ghshqgv rq wkh jryhuqphqw*v
uhyhqxh uhtxluhphqw dqg wkh vwuhqjwk ri wdvwhv iru ydulhw| uhodwlyh wr hqwu| frvwv +l1h1/
￿@N,1 Lq wkh devhqfh ri wd{hv/ wkh orjlw ghpdqg vshfl￿fdwlrq lqyroyhv lqh!flhqwo|
pdq| ￿upv lq wkh iuhh hqwu| htxloleulxp1 Iru d vx!flhqwo| orz uhyhqxh uhtxluhphqw/
wkh dg ydoruhp wd{ lv d pruh h!flhqw uhyhqxh lqvwuxphqw ehfdxvh lw ghfuhdvhv sur￿w dqg
lqgxfhv h{lw zkloh wkh xqlw wd{ mxvw wudqvihuv vxusoxv iurp frqvxphuv wr wkh jryhuqphqw
zlwkrxw d￿hfwlqj sur￿w dqg khqfh zlwkrxw d￿hfwlqj wkh +h{fhvvlyh, qxpehu ri ￿upv1
Zkhq hlwkhu ￿@N ru uhyhqxh uhtxluhphqwv duh vx!flhqwo| odujh/ wkh xqlw wd{ ehfrphv
pruh h!flhqw ehfdxvh wkh dg ydoruhp wd{ lqgxfhv h{fhvvlyh ￿up h{lw1
Wklv uhvxow h{whqgv wr d odujh fodvv ri glvfuhwh fkrlfh prghov/ ri zklfk wkh orjlw
lv wkh ehvw nqrzq h{dpsoh1 Lqghhg/ Dqghuvrq hw do1 +4<<8, vkrz wkdw wkh pdunhw
htxloleulxp lqyroyhv ryhuhqwu| lq wkh devhqfh ri wd{hv zkhq ghqvlw| ri wkh pdwfk ydoxhv
lv orjfrqfdyh14< Ryhuhqwu| lv dpholrudwhg e| vpdoo dg ydoruhp wd{hv ehfdxvh wkh| uhgxfh
￿up qxpehuv e| ghfuhdvlqj sur￿w shu ￿up/ exw kljk wd{ udwhv uhgxfh sur￿wv vr pxfk
dv wr wdnh wkh htxloleulxp qxpehu ri ￿upv wrr idu ehorz wkh rswlpxp1
4<Wkh h{srqhqwldo glvwulexwlrq frqvlghuhg deryh lv d olplw fdvh vlqfh lw lv orj0olqhdu/ khqfh wkh
htxlydohqfh ri rswlpxp dqg htxloleulxp qxpehuv1
,0Wkh zhoo0nqrzq flufoh prgho jhqhudol}hv wkh olqhdu flw| prgho glvfxvvhg lq Vhfwlrq
615 wr doorz iru hqgrjhqrxv iuhh hqwu|1 Lq wkdw prgho/ orqj uxq htxloleulxp lv fkdu0
dfwhul}hg e| vxevwdqwldo ryhuhqwu| ri ￿upv +vhh Vdors/ 4<:<,1 Wkh xqlw wd{ lv djdlq
qrqglvwruwlrqdu|/ dqg wkh dg ydoruhp wd{ fdq lpsuryh vrfldo zhoiduh e| uhgxflqj suri0
lwv dqg khqfh wkh orqj uxq qxpehu ri ￿upv1 Wudyho frvwv ulvh dv wkh qxpehu ri ￿upv
ghfolqhv/ krzhyhu/ dqg dg ydoruhp wd{dwlrq lqgxfhv h{fhvvlyh ￿up h{lw iurp wkh pdunhw
iru vx!flhqwo| kljk uhyhqxh uhtxluhphqwv1 Lq wkh Vdors iudphzrun q ￿upv duh htxl0
vsdfhg durxqg d flufoh zkrvh flufxpihuhqfh lv qrupdol}hg wr xqlw|1 Frqvxphuv duh
xqlirupo| glvwulexwhg durxqg wkh flufoh/ dqg hdfk ex|v rqh xqlw iurp wkh ￿up zlwk wkh
orzhvw gholyhuhg sulfh/ wudqvsruw frvwv ehlqj olqhdu lq glvwdqfh dw udwh ￿= Wkh vrfldo frvw
dvvrfldwhg zlwk q ￿upv lv wkxv qN . ￿@7q> zkhuh wkh ￿uvw whup lv wrwdo ￿{hg frvwv
dqg wkh vhfrqg whup lv djjuhjdwh wudqvsruw frvwv +vlqfh wkh dyhudjh glvwdqfh wudyhohg
lv 4@7q,= Xqghu dq dg ydoruhp wd{/ wkh htxloleulxp diwhu0wd{ pdunxs lv ￿+4 ￿ ￿,@q
dqg hdfk ￿up vhuyhv 4@qwk ri wkh pdunhw vr wkdw wkh htxloleulxp qxpehu ri ￿upv lv
s










wd{ kdv qr h￿hfw rq wkh pdunxs/ vr wkh htxloleulxp qxpehu ri ￿upv lv
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￿@N= Wkh vrfldo frvw wkhuhiruh dw ￿uvw ghfuhdvhv zlwk ￿ dv wkh qxpehu ri ￿upv
idoov wrzdug wkh rswlpdo ohyho/ zlwk plqlpxp dw ￿ @ ￿
e +vhh Nd| dqg Nhhq/ 4<;6,/ fru0
uhvsrqglqj wr d vdohv wd{ udwh ri v @6+dqg ￿
2
s
￿@N ￿upv,1 Wkh vrfldo frvw wkhuhdiwhu
ulvhv/ dqg uhdfkhv wkh ohyho dwwdlqhg e| wkh xqlw wd{ dw e ￿ @ ￿D
￿S> zklfk fruuhvsrqgv wr d
wd{ udwh ri v @4 8 = Wkxv wkh xqlw wd{ lv rqo| vxshulru iru dq dg ydoruhp wd{ lq h{fhvv
ri 4833(= Wklv kljk wd{ udwh uh hfwv wkh pdvvlyh ryhuhqwu| ri ￿upv lq wkh flufoh prgho1
Lq frqwudvw/ wkh glvfuhwh fkrlfh prgho zlwk l1l1g1 wdvwhv +wkh h{srqhqwldo prgho dqg wkh
Orjlw duh h{dpsohv, w|slfdoo| kdv d pxfk orzhu ghjuhh ri h{fhvv hqwu|1 Frqvhtxhqwo|/ lq
wklv fdvh wkh xqlw wd{ lv pruh olnho| wr eh suhihuuhg vlqfh dg ydoruhp wd{hv zloo wdnh wkh
htxloleulxp ehorz wkh rswlpxp +vhh dovr Nd| dqg Nhhq/ 4<;6/ iru dq hduo| glvfxvvlrq
ri wkh uroh iru xqlw wd{dwlrq dqg suhihuhqfhv iru glyhuvlw|,1
Zh kdyh glvfxvvhg prghov zlwk frpsohwho| lqhodvwlf djjuhjdwh ghpdqg wr surylgh
vlpsoh frxqwhuh{dpsohv wr wkh frqfoxvlrq iru wkh Frxuqrw prgho1 Zkhq lqgxvwu| rxw0
sxw dv zhoo dv surgxfw ydulhw| ghshqgv rq wkh irup ri wd{/ wkh dg ydoruhp wd{ kdv wkh
riwhq ghvludeoh txdolw| wkdw lw kdv d vpdoohu lpsdfw rq wrwdo frqvxpswlrq frpsduhg
zlwk wkh xqlw wd{1 Xqghu wkh FHV ghpdqg vshfl￿fdwlrq/ djjuhjdwh ghpdqg lv vx!0
flhqwo| hodvwlf wkdw wkh dg ydoruhp wd{ dozd|v zhoiduh0grplqdwhv wkh xqlw wd{/ ghvslwh
wkh ghwulphqwdo h￿hfw ri dg ydoruhp wd{dwlrq frpsduhg zlwk xqlw wd{dwlrq rq surgxfw
ydulhw|1 Wklv vxjjhvwv wkdw xqlw wd{hv pljkw eh wkh suhihudeoh irup ri h{flvh wd{dwlrq
rq uhodwlyho| lqhodvwlf frpprglwlhv olnh fljduhwwhv wr suhvhuyh surgxfw ydulhw|/ zkloh dg
ydoruhp wd{hv pljkw eh suhihudeoh iru pruh hodvwlf frpprglwlhv zkhuh orvvhv dvvrfl0
dwhg zlwk wkh glvwruwlrq wr djjuhjdwh ghpdqg pd| rxwzhljk wkrvh dvvrfldwhg zlwk orvw
surgxfw ydulhw|1
,1& 
Zh kdyh vkrzq wkdw dg ydoruhp wd{hv duh pruh h!flhqw wkdq xqlw wd{hv lq wkh vkruw
uxq zlwk v|pphwulf frvwv dfurvv ￿upv1 Rxu vwudljkwiruzdug dssurdfk/ zklfk h{sorlwv dq
lqvljkw lq Vxlwv dqg Pxvjudyh +4<86,/ fdq eh dssolhg txlwh jhqhudoo|1 Wkh uhvxow hqfrp0
sdvvhv erwk wudglwlrqdo Frxuqrw hqylurqphqwv dqg Ehuwudqg0Qdvk hqylurqphqwv zlwk
gl￿huhqwldwhg surgxfwv1 Zh kdyh dovr vkrzq/ krzhyhu/ wkdw frqfoxvlrqv pd| fkdqjh iru
dv|pphwulf frvwv ru lq orqj uxq htxloleulxp1 Zlwk frvw dv|pphwulhv/ dg ydoruhp wd{hv
h{dfhuedwh wkh devroxwh gl￿huhqfhv lq pdujlqdo frvwv dfurvv ￿upv1 Iru orz wd{hv/ wklv
lv dgydqwdjhrxv ehfdxvh kljk0frvw ￿upv whqg wr ryhusulfh uhodwlyh wr orz0frvw rqhv lq
roljrsro| htxloleulxp/ dqg wkh dg ydoruhp wd{ uhguhvvhv wkh surgxfwlrq edodqfh1 Zkhq
surgxfwv duh gl￿huhqwldwhg/ wkh rxwsxw ri kljk0frvw ￿upv lv qrw shuihfwo| vxevwlwxwdeoh
iru wkdw ri orz0frvw ￿upv vr wkdw kljk hqrxjk dg ydoruhp wd{hv pd| ohdg wr uhodwlyh
xqghusurgxfwlrq ri kljk0frvw jrrgv1 Lw lv wkhq srvvleoh wkdw wkh xqlw wd{ lv suhihudeoh/
dv zh vkrzhg lq dq h{dpsoh zlwk lqhodvwlf ghpdqg dqg Ehuwudqg frpshwlwlrq1 Lqhodvwlf
ghpdqg lv lpsruwdqw ehfdxvh lw ohvvhqv wkh wd{ glvwruwlrq dqg doorzv xv wr irfxv rq
uhodwlyh rxwsxw/ hyhq wkrxjk xqlw wd{dwlrq whqgv wr eh pruh glvwruwlrqdu| ehfdxvh pruh
ri wkh wd{ lv sdvvhg rq wr frqvxphuv wkdq iru dg ydoruhp wd{hv +vhh Dqghuvrq/ gh Sdopd/
dqg Nuhlghu/ 5333,1 Wklv ohdyhv rshq wkh txhvwlrq zkhwkhu lw lv wkh prgh ri frpshwl0
wlrq ru wkh lqwurgxfwlrq ri surgxfw gl￿huhqwldwlrq wkdw lv sulpdulo| uhvsrqvleoh iru wkh
gl￿huhqfh lq uhvxowv1 Zh surylghg zhdn hylghqfh lq idyru ri Ehuwudqg frpshwlwlrq1
Wkh vdph txhvwlrq dssolhv wr wkh orqj0uxq dqdo|vlv1 Wkh dg ydoruhp wd{ uhgxfhv
sur￿wv pruh wkdq wkh xqlw wd{ e| pruh h!flhqw wudqvihu iurp sur￿w wr wd{ uhyhqxh1
Zkhq surgxfwv duh gl￿huhqwldwhg/ wkh zhoiduh orvv iurp orvw surgxfw ydulhw| pd| wkhq
ryhuwxuq wkh vkruw0uxq ghvludelolw| ri wkh dg ydoruhp wd{1 Zkhwkhu wklv lv srvvleoh gh0
shqgv rq zkhwkhu wkh ydulhw| h￿hfw fdq grplqdwh wkh vwdwlf glvdgydqwdjh ri wkh xqlw wd{1
Zh vkrzhg wkdw wklv fdq kdsshq xqghu Ehuwudqg frpshwlwlrq1 Lw lv qrw srvvleoh xqghu
Frxuqrw frpshwlwlrq zlwk krprjhqhrxv surgxfwv ehfdxvh wkhuh lv qr surgxfw ydulhw|1
Li surgxfwv zhuh gl￿huhqwldwhg dqg wkh prgh ri frpshwlwlrq zhuh Frxuqrw/ rqh pljkw
h{shfw lw wr eh ohvv olnho| wkdw wkh xqlw wd{ frxog grplqdwh vlqfh Frxuqrw frpshwlwlrq
w|slfdoo| |lhogv juhdwhu sur￿wv iru d jlyhq qxpehu ri ￿upv +lw lv ohvv ￿frpshwlwlyh￿ wkdq
wkh Ehuwudqg prgh,1 Wklv vxjjhvwv wkdw wkh Frxuqrw htxloleulxp zloo w|slfdoo| hqwdlo
juhdwhu ryhuhqwu| wkdq lwv Ehuwudqg frxqwhusduw dqg vr wkh vwdwlf lqh!flhqf| ri xqlw
wd{dwlrq pxvw eh lqfxuuhg iru d juhdwhu h{whqw ehiruh lw frxog srvvleo| ryhufrph wkh
ydulhw| h￿hfw1 Wkxv lw vhhpv ohvv olnho| wkdw Frxuqrw frpshwlwlrq zlwk gl￿huhqwldwhg
surgxfwv frxog uhqghu wkh xqlw wd{ pruh h!flhqw +iru vrph uhyhqxh uhtxluhphqw, do0
wkrxjk zh kdyh qr irupdo surri1 Lqvridu dv wkh pdlq frpshwlqj prghov ri roljrsro|
lqwhudfwlrq duh wkh Frxuqrw prgh zlwk krprjhqhrxv surgxfwv dqg wkh Ehuwudqg prgh
zlwk gl￿huhqwldwhg surgxfwv/ zh kdyh vkrzq wkdw wkh dg ydoruhp wd{ grplqdwhv xqghu
wkh iruphu zlwk hlwkhu frvw dv|pphwulhv lq wkh vkruw uxq ru v|pphwulf frvwv lq wkh orqj
uxq/ zkloh wkh odwwhu irupxodwlrq fdq vrphwlphv udwlrqdol}h xvh ri wkh xqlw wd{1
,2Zkloh zh kdyh surylghg fdvhv lq zklfk wkh xqlw wd{ pd| grplqdwh wkh dg ydoruhp
wd{/ dgplqlvwudwlyh dqg htxlw| lvvxhv pd| mxvwli| xvh ri wkh odwwhu1 Iru h{dpsoh/ wkh
shufhqwdjh0edvhg dg ydoruhp wd{ dxwrpdwlfdoo| dgmxvwv wr lq dwlrq zkloh wkh xqlw wd{
grhv qrw1 Wkhuh pd| dovr eh sudfwlfdo gl!fxowlhv dvvrfldwhg zlwk gh￿qlqj wkh xqlwv ri
d surgxfw/ pdnlqj lw srwhqwldoo| gl!fxow wr lpsrvh xqlw wd{hv lq vrph fdvhv +vhh Nhhq/
4<<;/ iru d pruh frpsohwh glvfxvvlrq ri vxfk lvvxhv,1
Wkh iudphzrun lq wklv sdshu lv uhdglo| dgdswhg wr lqfrusrudwh rwkhu h￿hfwv ri hfr0
qrplf lqwhuhvw/ wkurxjk lwv urrwv lq glvfuhwh fkrlfh wkhru|/ vxfk dv gl￿huhqfhv dfurvv
￿upv lq wkh remhfwlyh txdolw| ri surgxfhg jrrgv1 Iru h{dpsoh/ Dqghuvrq/ hw do1 +4<<5/
Fk1 :, kdyh h{whqghg wkh gl￿huhqwldwhg surgxfwv prgho wr frqvlghu pxowlsurgxfw ￿upv/
dqg wd{ lvvxhv frxog eh dgguhvvhg zlwklq wkdw h{whqghg frqwh{w1 Rxu vhwwlqj frxog eh
h{whqghg wr lqwhuqdwlrqdo wudgh wr vwxg| lvvxhv vxfk dv rswlpdo wdul￿v/ dqg wkh sduwldo
htxloleulxp vhwwlqj zrxog lghdoo| eh h{whqghg wr wkh fdvh ri jhqhudo htxloleulxp lq rughu
wr vwxg| wkh wd{dwlrq ri jrrgv lq frqmxqfwlrq zlwk wkh wd{dwlrq ri lqfrph dqg fdslwdo1
Vxfk lvvxhv/ zh krsh/ zloo eh wkh irfxv ri vxevhtxhqw dqdo|vhv1
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^4‘ Dgdpv/ Fkduohv/ +4<<6,1 Iru Jrrg dqg Hylo= Wkh Lpsdfw ri Wd{hv rq wkh Frxuvh
ri Flylol}dwlrq/ Pdglvrq Errnv/ Qhz \run/ s1 51
^5‘ Dqghuvrq/ Vlprq S1/ Dqgu￿ gh Sdopd/ dqg Euhqw Nuhlghu1 Wd{ Lqflghqfh lq Gli0
ihuhqwldwhg Surgxfw Roljrsro|1 Mrxuqdo ri Sxeolf Hfrqrplfv/ +iruwkfrplqj/ wklv
lvvxhB,1
^6‘ Dqghuvrq/ Vlprq S1/ Dqgu￿ gh Sdopd/ dqg \xul Qhvwhury +4<<8,1 Roljrsrolvwlf
Frpshwlwlrq dqg wkh Rswlpdo Surylvlrq ri Surgxfwv1 Hfrqrphwulfd/ 96/ 45;4046341
^7‘ Dqghuvrq/ Vlprq S1/ Dqgu￿ gh Sdopd/ dqg Mdftxhv0IudqŒrlv Wklvvh +4<<5,1 Glvfuhwh
Fkrlfh Wkhru| ri Surgxfw Gl￿huhqwldwlrq1 PLW Suhvv/ Fdpeulgjh/ PD1
^8‘ Ehvoh|/ Wlprwk| +4<;<,1 Frpprglw| Wd{dwlrq dqg Lpshuihfw Frpshwlwlrq= D Qrwh
rq wkh H￿hfwv ri Hqwu|1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 73/ 68<069:1
^9‘ Frxuqrw/ Dxjxvwlq/ +4;6;/ wudqvodwhg 4<93,1 Uhvhdufkhv lqwr wkh Pdwkhpdwlfdo
Sulqflsohv ri wkh Wkhru| ri Zhdowk1 Iudqn Fdvv ) Fr1/ Orqgrq1
^:‘ Gdxjkhw|/ Dqguhz +4<<3,1 Ehqh￿fldo Frqfhqwudwlrq1 Dphulfdq Hfrqrplf Uhylhz/
;3/ 45640456:1
^;‘ Gholsdood/ Vrskld dqg Plfkdho Nhhq +4<<5,1 Wkh Frpsdulvrq ehwzhhq Dg Ydoruhp
dqg Vshfl￿f Wd{dwlrq xqghu Lpshuihfw Frpshwlwlrq1 Mrxuqdo ri Sxeolf Hfrqrplfv/
7</ 68406941
^<‘ Ihuvkwpdq/ Fkdlp/ Qhlo Jdqgdo/ dqg Vdulw Pdunrylfk +4<<:,1 Wd{ Lqflghqfh lq
Gl￿huhqwldwhg Jrrg Roljrsrolvwlf Pdunhwv= Wkh Fdvhv ri wkh Dxwrpreloh Pdunhw
lq Lvudho1 Plphr/ Who0Dyly Xqlyhuvlw|1
^43‘ Kdplowrq/ Vwhskhq +4<<<,1 Wd{ Lqflghqfh Xqghu Roljrsro|= D Frpsdulvrq ri Srolf|
Dssurdfkhv1 Mrxuqdo ri Sxeolf Hfrqrplfv/ :4/ 56605781
^44‘ Khospdq/ Hokdqdq dqg Sdxo U1 Nuxjpdq +4<;<,1 Wudgh Srolf| dqg Pdunhw Vwuxf0
wxuh PLW Suhvv/ Fdpeulgjh Pdvv1
^45‘ Nd|/ Mrkq D1 dqg Plfkdho M1 Nhhq +4<;6,1 Krz Vkrxog Frpprglwlhv eh Wd{hgB
Hxurshdq Hfrqrplf Uhylhz/ 56/ 66<068;1
^46‘ Nhhq/ Plfkdho +4<<;,/ Wkh Edodqfh ehwzhhq Vshfl￿f dqg Dg Ydoruhp Wd{dwlrq/
Ilvfdo Vwxglhv/ 4</ 406:1
!"^47‘ Nudphu/ Vdpxho +4<8<,1 Klvwru| Ehjlqv dw Vxphu/ Grxeohgd| ) Frpsdq|/ Jdughq
Flw|/ Q\/ 7:07;1
^48‘ Pdqnlz/ Juhjru dqg Plfkdho Zklqvwrq +4<;9,1 Iuhh Hqwu| dqg Vrfldo Lqh!flhqf|1
Udqg Mrxuqdo ri Hfrqrplfv/4:/ 7;08;1
^49‘ PfPdqxv/ P1 +4<97,1 Htxloleulxp/ Qxpehu dqg Vl}h lq Frxuqrw Roljrsro|1 \run0
vkluh Exoohwlq ri Vrfldo dqg Hfrqrplf Uhvhdufk/ 49/ 9;0:81
^4:‘ P|ohv/ Jduhwk +4<<9,1 Lpshuihfw Frpshwlwlrq dqg wkh Rswlpdo Frpelqdwlrq ri Dg
Ydoruhp dqg Vshfl￿f Wd{dwlrq/ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh/ 6/ 5<0771
^4;‘ Qryvkhn/ Zlooldp +4<;8,1 Rq wkh H{lvwhqfh ri Frxuqrw Htxloleulxp1 Uhylhz ri
Hfrqrplf Vwxglhv/ 85/ ;80<;1
^4<‘ Urevrq/ Duwkxu +4<<3,1 Vwdfnhoehuj dqg Pduvkdoo1 Dphulfdq Hfrqrplf Uhylhz/; 3 /
9<0;51
^53‘ Vdors/ Vwhyhq F1 +4<:<,1 Prqrsrolvwlf Frpshwlwlrq zlwk Rxwvlgh Jrrgv1 Ehoo Mrxu0
qdo ri Hfrqrplfv/ 43/ 47404891
^54‘ Vhdgh/ Mhvxv +4<;:,1 Sur￿wdeoh Frvw Lqfuhdvhv dqg wkh Vkliwlqj ri Wd{dwlrq= Htxl0
oleulxp Uhvsrqvhv ri Pdunhwv lq Roljrsro|1 Plphr1
^55‘ Vnhdwk/ Vxvdq dqg Juhjru| Wudqgho +4<<7,1 D Sduhwr Frpsdulvrq ri Dg Ydoruhp
dqg Xqlw Wd{hv lq Qrqfrpshwlwlyh Hqylurqphqwv1 Mrxuqdo ri Sxeolf Hfrqrplfv/
86/ 860:41
^56‘ Vwhuq/ Qlfkrodv +4<;:,1 Wkh H￿hfwv ri Wd{dwlrq/ Sulfh Frqwuro/ dqg Jryhuqphqw
Frqwudfwv lq Roljrsro| dqg Prqrsrolvwlf Frpshwlwlrq1 Mrxuqdo ri Sxeolf Hfr0
qrplfv/ 65/ 466048;1
^57‘ Vxlwv/ Gdqlho E1 dqg Ulfkdug D1 Pxvjudyh +4<86,1 Dg Ydoruhp dqg Xqlw Wd{hv
Frpsduhg1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 9:/ 8<;09371
^58‘ Zlfnvhoo/ Nqxw +4;<9,1 Wd{dwlrq lq wkh Prqrsro| Fdvh1 Wudqvodwlrq iurp wkh rulj0
lqdo lq= Pxvjudyh dqg Vkrxsv/ hgv1 +4<8<, Uhdglqjv lq wkh Hfrqrplfv ri Wd{dwlrq/
Luzlq/ Krphzrrg/ Lo1
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